Digital subtraction angiography with carbon dioxide as a contrast agent provides images useful in making a diagnosis and occasionally gives information not obtainable with use of iodinated contrast material. However, delivery of the gas is difficult because carbon dioxide is compressible and invisible [1 , 2] . Oven the past 10 years, we have developed a reliable, user-friendly, computer-controlled injector, which is not yet approved by the Food and Drug Administration. We describe a hand-delivery system designed on the basis of principles learned from the development of the computer-controlled injector system.
Materials and Methods
The system has two major components exposure to radiation. The connecting tubing is coupled to a second three-port fitting that has two in-line one-way check valves. A oneway stopcock is attached to the side arm of the second fitting to which a 3-mi syringe is connected.
The syringe is used to clear the catheter of saline before the bolus of carbon dioxide is delivered. The two check valves also prevent neflux of blood into the catheter after the catheter is purged of carbon dioxide. A standard three-way stopcock is attached distally to allow aspiration of the catheter and flushing with saline. After the reservoir bag is filled with carbon dioxide, the stopcock to the bag is opened, and both the delivery syringe and the 3-mI syringe are used to purge the air from the system. After the entire system is purged, the catheter is attached, the 3-mI syringe is filled, and the carbon dioxide is injected forcefully, clearing the catheter of saline. The delivery syringe is filled to whatever volume is desired, and the carbon dioxide is injected into the patient in a controlled, nonexplosive manner. If injections are made every 3 mm, repunging the catheter is unnecessary, because the one-way valve prevents reflux.
Discussion
We have shown that the gas carbon dioxide is quite safe. It has no renal or hepatic toxic effects and is not allergenic. We do not know if it can be used safely in the cerebral circulation, and we do not use carbon dioxide in any situation in which the cerebral circulation might be exposed to the gas. The potential danger of using carbon dioxide is in its delivery, because the cylinder of gas contains 3300 I (3.3 million ml) of gas at high pressure.
If there is a direct connection between the gas and any delivery system, if the regulator malfunctions, on if a valve is inadvertently opened, the patient can be exposed to tremendous volumes of carbon dioxide in a short time. This system has been used in more than 50 patients with excellent results (Fig. 2) 
